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INTRODUCTION
Anchovy catches account for 12% of total land-
ings in the Western Mediterranean Sea (calculated
from Stamatopoulos, 1993). They rank second in
volume after sardine, even though the price for
anchovy is significantly higher, hence, the econom-
ic importance of this resource. Anchovy is con-
sumed mainly as fresh food, being delivered to
local  markets and to the cannery industry.
The present paper deals with the North Western
Mediterranean area (Fig. 1), within the Western
basin,  where an important pelagic fishery has long
been established. Some discussions on the useful-
ness of applying indirect assessment methods to
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SUMMARY: The present study describes the anchovy (Engraulis encrasicolus) fishery, the fleet involved in its exploita-
tion, and the basic biological parameters, to provide more accurate information on the exploitation rate of the North West-
ern Mediterranean stocks.  We have compiled studies that deal with its assessment  and have compared results from differ-
ent methodologies. Anchovy biomass has been estimated by acoustics and egg production  methods, both being direct meth-
ods but with a lack of fisheries information that integrates the exploitation variable on the anchovy resource (fishing mor-
tality). We have analyzed the landings of six major ports in the NW Mediterranean Sea (Castelló, Barcelona, Port de la
Selva, Sète, Savona and Sestri-Levante) obtained length frequencies and applied a Length Cohort Analysis so that  prelim-
inary results are given in order to state the exploitation rate. Results show no growth overexploitation but in order to pre-
vent recruitment overfishing, seasonal closures during autumm and winter would be advisable. These would take into
account the first maturity size that appears larger than catch’s mean sizes in order to ensure at least one spawning season for
most of the individuals.
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RESUMEN: LAS PESQUERÍAS DE ANCHOA DEL MEDITERRÁNEO NOROCCIDENTAL. – En el presente trabajo se describe la pes-
quería de la anchoa (Engraulis encrasicolus), la flota involucrada en su explotación y los parámetros biológicos básicos,
todo ello con el fin de proporcionar una información adecuada sobre la explotación de las poblaciones del Mediterraneo
noroccidental. Se han reunido los trabajos que tratan sobre evaluación de la anchoa usando diferentes metodologías y com-
parado los resultados. La biomasa de anchoa ha sido estimada por medio de los métodos acústico y por de producción de
huevos, ambos métodos son directos pero no incorporan información pesquera que integre la variabilidad de la explotación
del recurso (mortalidad por pesca). Se han analizado los desembarcos de seis de los principales puertos del Mediterráneo
noroccidental (Castelló, Barcelona, Port de la Selva, Sète, Savona y Sestri-Levante), asimismo se han obtenido frecuencias
de tallas que han sido analizadas mendiante la técnica de Length Cohort Analysis, de forma que se pueden dar resultados
preliminares para establecer la tasa de explotación. Los resultados no muestran sobrepesca de crecimiento, pero, con el fin
de prevenir una posible sobrepesca de reclutamiento, son recomendables las vedas temporales en otoño e invierno, lo cual
garantizaría al menos un periodo de puesta para la mayoría de individuos.
Palabras clave: Anchoa, Engraulis encrasicolus, pesquerías, Mediterraneo noroccidental.
*Received December 15, 1995. Accepted May 15, 1996.
short-lived species have arisen as these stocks are
highly recruitment dependent, so that forecasts
based only on fiting population dynamics models
are uncertain. Opinions have also been expressed
concerning the impossibility of managing such
stocks on a scientific basis. Beyond a possible gen-
eral agreement with such an approach, the data pro-
vided by fishermen can be useful in order to com-
plement and interpret the assessment based on direct
methods. 
FISHERY DESCRIPTION 
For centuries small pelagic fish in the NW
Mediterranean were caught with a variable depth
gillnet. Most of the sardine and anchovy catches
came from boats using this gear until the 1950s
when purse seiners replaced gillnet vessels.
Anchovy is an important target species in NW
Mediterranean fisheries and it is caught by two
gears: purse seine and trawl. Sardine and anchovy
are the targets for the purse seiners although nowa-
days, and for economic reasons, they particularly
target anchovy. The seiners fish during the night,
search for schools using eco-sounders and concen-
trate them with lights.
Two basic types of trawlers, bottom and pelagic,
target on anchovy. The bottom trawler is a modified
demersal trawl net achieving a wider vertical perfor-
mance from the bottom in areas with relatively shal-
low waters. The net displays long lateral cloths, has
plastic buoy devices and heavy weights to ensure the
openness of the net. Pelagic trawlers fish at mid-
water depths and can be towed by one or two ves-
sels. 
In Spanish Mediterranenan waters anchovy is
caught mainly by purse seiners. The fleet has a
very mobile behaviour and vessels usually migrate
to fishing areas where anchovy is abundant during
the spring-summer season, mainly in the Gulf of
Lions zone. Trawlers do not move from their orig-
inal port as does purse seiner fleet. In Catalonia
there are 172 seiners, but a large number of ships
have arrived during the spring-summer season
since the abrupt decrease on anchovy landings in
the Alborán Sea of the Southwestern Mediter-
ranean during late 1980s.
Small pelagic fishes are not the usual target
species of Spanish bottom trawlers but in some
areas, significant amounts of anchovy are caught in
this way, mainly in Southern Catalonia and Castelló,
i.e at Sant Carles de la Ràpita all anchovy landings
come from trawlers. In the Castelló area there are
also some multiple-gear or polyvalent vessels that
can use purse seine or trawl alternatively. So far, in
the Spanish Mediterranean area no pelagic trawl
fishing has been detected. In 1993 the Spanish
Mediterranean catches of anchovy were 27,693 met-
ric tons (FAO, 1993); almost half, 13,655 mt (Anon.,
1994), was landed in Catalan ports including catch-
es from the Gulf of Lions.
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FIG. 1. – Map of studied area along Northwestern Mediterranean Sea.
France currently has 29 purse seiners and 167
trawlers (FAO, 1996). Until 1986, the purse seiner
fleet caught between 60-70% of total landings. In
that year trawlers became prevalent. Until 1993,
pelagic trawls were prohibited in France but since
then and after a special agreement, pelagic trawls
are allowed to fish with an appropriate licence.
About 30% of the trawlers have anchovy and sar-
dine as target species. At the present time there are
two trawl couples in Port Vendres. Nearly all catch-
es are obtained in the Gulf of Lions zone, mainly in
the port of Sète, by the trawl fleet. FAO (1993)
reports 6,980 metric tons of anchovy landed in the
French Mediterranean during 1993.
Almost all anchovy landings in Italy (21,219 mt
in 1993, according to FAO, 1993) come from the
purse seiner fleet, only a small percentage comes
from pelagic trawlers. The Ligurian region has 47
vessels and there are 22 boats in the Northern
Tyrrhenian Sea. Due to the particular characteristics
of the fleet structure and licence system, vessels that
hold a multiple-gear licence play an important role.
These ships are able to switch gears depending on
fish availability and market demands. They account
up to 417 in Liguria, and 251 in the Tyrrhenian
region and focus on anchovy during spring-summer
seasons. There are no bottom trawlers targetting
anchovy in Italy, however, there are 5 couples of
vessels that together tow a mid-water-pelagic trawl
(“volante a copia”). This is a standard gear deployed
in the Adriatic Sea (Cingolani et al., 1996) and is
now present along the Ligurian Sea: La Spezia and
Viareggio, with 1 and 4 couples respectively (Gio-
vanardi, per. comm.)
MANAGEMENT
The management of Mediterranean fisheries in
general, and particularly the anchovy fishery, lack
communication between managers, scientists and
fishermen. Regulations are, only to some degree,
based on biological studies and/or stock assessment
procedures. There are no annual meetings or work-
shops where management policies for the following
fishing season are discussed.
Within the European Union framework, the
anchovy fishery is included within the management
procedures of the NW Mediterranean established in
the Official Journal of the European Communities:
document Nº 1626/94. This document determines
the conservation measures for all fisheries resources
in the area in order to reach the objectives of the
Common Fisheries Policy. In addition, there are cer-
tain National Laws or special agreements in each
state that apply specifically to the anchovy fishery
(e.g.; Spain: Real Decreto 2349/1984; France: dif-
ferent agreements among fishermen, Affair Mar-
itime and IFREMER; Italy: art. 87 della Legge 14
luglio 1965. Nº 963).  
Effort regulation
There is a 5-fishing-days per week limitation
that applies to all of the European Mediterranean
ports. During 1993 a pilot study of effort reduction
was implemented in Catalonia for the purse seiner
fleet during the recruitment period (November-
February). This initiative came from the cannery
sector when a significant decrease in individual
length was noticed. The effects of the seasonal clo-
sure on future biomass and catch trends were doc-
umented in Palomera (1995) who reported an
important benefit on future yields. The scope of
these policies is to be implemented on a regular
basis during fall-winter periods. France has its own
licence system for trawlers in which a numerus
clausus of 240 vessels can operate along the Gulf
of Lions. The Spaniards, on the other hand, have
established a certain number of purse seiners that
may move to the Gulf of Lions region during the
spring-summer seasons. A maximum engine power
is also set at 430 - 450 cv even though this rule is
far from being respected as some vessels achieve
800-1000 cv (Béné, 1992).
Minimum length
The legal minimum total length for anchovy is
established at 9 cm. However, Italian regulations
consider juvenil stage lengths smaller than 7 cm. For
comparative purposes the legal minimum length in
the Atlantic is 12 cm where length of first maturity
has been taken into account.
Catch regulation
There is no catch limit for anchovy landings as
the fishery is regulated through effort . However, the
central Spanish government did determine a quota
affecting trawlers from the southern Catalan areas.
The regulation permitted a 10 percent maximum
anchovy catch, out of the total catch per day during
their permitted season. 
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Seasonal closures
There is no seasonal closure established in the
EU document directly but it leaves this possibility to
each involved party. Seasonal closures are a rather
local initiative that are stated by the fishermen,
mostly not on a systematic basis, and there is no sci-
entific proof of its effectiveness. For example, in
Spain, the areas of Tarragona and Castelló are closed
annually for 2 months during winter, to purse-sein-
ers. In the northern Catalan area this measure was
adopted during one season (only 1993-1994). Italy
has a facultative closure on the Tyrrhenian Sea with
a 30-day extension period from August to Septem-
ber affecting any trawl gear. 
Areas closure
Areas within 300 m from the coast and/or shal-
lower than 30 m are prohibited for any purse seiner
fishing activity. This includes any kind of trawling
activity in areas where the depth is lower than 50 m,
and also constrains a 3 mile area from the coast. 
Gear regulations
Some gear characteristics have been established
by the EU specifically for the Mediterranean purse
seine: 800 m maximum length, 120 m high and 14
mm mesh size. Each country and region has also
established their own limits: e.g. total length in
Spain is constrained to a maximum of 330 m length
per 100 m height and Italy has a 10 mm mesh size
policy There are no specific gear regulations con-
cerning bottom trawlers that target small pelagic
fish. The EU document only states a minimum mesh
size of 20 mm for pelagic trawls. Pelagic trawlers
are forbidden in Spanish waters.
ECOLOGY AND BIOLOGICAL PARAMETERS
Little is known about the anchovy’s migratory
behavior. Adults approach coastal waters during the
spawning season, with higher relative temperature
and lower salinity. Spawning areas are always asso-
ciated with fresh water outlets or plumes and these
represent the major areas of concentration where
adults are heavily caught e.g. the Ebre Delta in
Spain, the Rhône river in France and the Arno and
Magra rivers in Italy (Palomera et al., 1995). The
common knowledge about clupeoid daily vertical
migrations, is that they form compact, dense schools
at mid-water during the day time and scatter during
the night, migrating towards the surface. 
Useful biological parameters in population
dynamics such as length-weight relationships and
growth estimates, have been studied and there are
several reports and papers dealing with them
(Pertierra, 1987; Lleonart, 1990; Pertierra, 1992;
inter al.). We have used these reports in our evalua-
tion and biomass estimation in a later chapter.
Sexual maturity
According to Pertierra (1992), a maturity scale
can be fitted to an accumulative normal distribution
function with parameters: mean = 12.5 cm and sd =
0.9 cm for the females; and mean = 12.7 cm and sd
= 0.74 cm for the males. No significant difference
between the sexes has been found. These results
were obtained from 1984 samples and current
spawning mean length need to be reviewed for
future managment procedures. 
Length-weight relationships
Source a (g cm-3) b
Pertierra, 1987 0.0021452 3.4121
Growth
The anchovy’s somatic growth has been studied
on several occasions. Table 1 summarizes the differ-
ent studies: 
For our estimations we have used the data from
Pertierra (1987) for modal length classes as they bet-
ter describe the anchovy’s growth performance.
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TABLE 1. – Somatic growth of the anchovy
Source Method L∞ (cm) K (year-1) t0 (year)
López-Cazorla and Sánchez (1986) length classes 21.0 0.45 -0.39
Pertierra (1987) length classes 20.6 0.38 -0.94
Pertierra (1992) otoliths 17.6 0.39 -1.66
Natural mortality
In Lleonart (1990), a value of 0.54 was adopted
for the analysis of the Valencian and Catalan
anchovy. Pertierra (1992), Pertierra and Lleonart
(1995) and Palomera (1995) used 0.81 years-1 for the
Catalan anchovy fishery. We have used the latter
value in our calculations for the NW Mediterranean
anchovy population using Pauly’s methodology.
Somatic and environmental temperature are consid-
ered in the algorithm giving a more accurate esti-
mate of natural mortality in the area.
Stocks
Although the results of the genetic studies show
one broad genetic stock (García et al., 1994; García-
Marín et al., 1996), the demographic point of view
indicates there are more stocks. This has been
proven because the collapse of the anchovy Alboran
fishery (Spain) did not affect the northern popula-
tions. We have treated the whole stock of the NW
Mediterranean as one population in accordance with
genetic studies. However, we would like to point out
the fact that the dynamics ruling the anchovy from
different areas seem to be somewhat uneven.
EVALUATIONS AND BIOMASS ESTIMATES
The evaluation of the biomass of small pelagic
fishes has always involved direct and indirect
methodologies. In the NW Mediterranean, the
anchovy population has been assessed on a more
regular basis by means of acoustic techniques along
the Spanish coast, and Virtual Population Analysis
(VPA) and derivatives in Catalan and Valencian
waters. Pertierra et al. (1996) have also applied
stage specific matrix (Lefkovitch matrix) to model
the trend of anchovy population in the area.
It was not until 1992 that direct biomass estima-
tions (using the acoustics and daily egg-production
method - DEPM) were applied together with VPA to
study the anchovy population ranging from the
Catalan Sea (Spain), to the North Ligurian Sea
(Italy) (García et al., 1994). These estimations were
supported by a FAR project (EU) and were carried
out together with Spanish, French and Italian scien-
tists during 1992 and 1993.
Acoustics 
Spanish Mediterranean coastal waters are regu-
larly assessed by acoustic surveys. The Instituto
Español de Oceanografía (IEO) is the body charged
with monitoring these resources and has published
many papers and internal reports on anchovy and
sardine biomass (Pertierra and Castellón, 1987;
Abad et al., 1991; inter al.). A first broad range esti-
mation was carried out during 1993. The study cov-
ered the area between Spain and Italy and was
applied together with DEPM and LCA in order to
compare results (Table 2). 
DEPM 
The DEP methodology was first applied in
Mediterranean waters in 1990 along the Catalan
coast (Palomera and Pertierra, 1993). During the
summer of 1992, a thorough assessment of the
anchovy’s spawning grounds was carried out along
the NW Mediterranean coast. These results were
required for the application of DEPM and were used
for the 1993 and 1994 spawning biomass estimation
(Table 3) (García et al., 1995; Palomera, 1995).
Indirect methods
Length Cohort Analysis (LCA) has been applied
previously to anchovy in the Catalan Sea by differ-
ent authors: López-Cazorla and Sánchez (1986),
Lleonart (1990), Pertierra (1992), Pertierra and
Lleonart (1995), and Palomera (1995). 
We have carried out an assessment of the fish-
eries of the most significant NW Mediterranean
ports in Spain, France and Italy in order to study the
population structure and to identify the exploitation
rate in different areas.
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TABLE 2. – Biomass estimates (tons) by acoustics for anchovy in NW Mediterranean coastal waters.
1990 1991 1992 1993
Spain (Catalonia + Valencia) 25,575 19,559 19,522 7,066
Gulf of Lyons (France + Spain) 8,193 7,341 15,461 22,889
Italy (Ligurian + N Tyrrhenian Sea) - - - 6,46
Whereas direct estimates only give information
about the total biomass, LCA and Yield per Recruit
(Y/R) analysis determine a stock´s composition and
exploitation rate. LCA has some limitations regard-
ing the steady state assumption and constant natural
mortality (Hilborn and Walters, 1992), but can be
used together with direct estimations to give a more
synchronic view of the stock and help advise proper
resource management. LCA also takes data arranged
into many classes, in comparison with age-based
methods, and its results are much more precise when
we deal with short life span populations .
MATERIALS AND METHODS
A total of 347 length-frequency samples were
obtained from commercial landings, on a fortnight-
ly basis in: Castelló, Barcelona, Port de la Selva
(Spain); Sète (France); Savona and Sestri-Levante
(Italy) (Fig. 1). Data were grouped according to
annual season from July 1992 to June 1993, and a
total seasonal length frequency was calculated for
each fishing area. A standard smoothing algorithm
was applied to the final frequency to avoid sampling
artefacts. 
We used the software package VIT (Virtual
population, Yield per recruit and, Transitional
Analysis) (Lleonart and Salat, 1992) in order to
obtain mean weights, numbers and fishing mortal-
ities per length classes. This package has been suc-
cessfuly applied in the management of different
Mediterranean fisheries and has proved to be much
more useful than catch-effort based analysis
(Lleonart, 1993). Estimations of total numbers,
weight and fishing mortalities per length classes
were obtained. A Y/R analysis was also performed
in order to establish the current exploitation rate.
The Y/R is calculated as following: 
where
N
i
–––
is the mean number of individuals of the first
length class i;
w
i
–– is the mean weight for class i;
Fi is the fishing mortality per length class, multi-
plied by a Φ factor; and
M is the natural mortality rate.
RESULTS
Tables 4, 5, 6, 7, 8 and 9 show results for each
sample unit during the 1992-1993 season. Outputs
of VIT include the number of individuals, at the ini-
tial time and then averaged through the period stud-
Ni = Ni
1− e(−FΦ−M )
FΦ + M
Y / R =
1
Ni
Ni∑ wi fΦ
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TABLE 3. – Anchovy spawning biomass estimates (tons) by DEPM
in NW Mediterranean coastal waters.
1990 1993 1994
Spain (Catalonia + Valencia) 4,239 8,422 11,044
Gulf of Lions (France + Spain) - 30,849 52,557
Italy (Ligurian + N Tyrrhenian Sea) - 5,829
TABLE 4. – VPA results for Castelló 1992-1993
Numbers Mortalities Weights (kg)
Length (cm) Initial Mean Z F Initial Mean
10 471,060 56,910 0.811 0.001 2609.770 343.050
10.5 424,930 53,790 0.815 0.005 2780.640 381.440
11 381,110 50,630 0.830 0.020 2922.890 419.200
11.5 339,090 47,320 0.864 0.054 3026.570 454.420
12 298,190 43,760 0.918 0.108 3077.510 484.370
12.5 258,030 39,750 1.026 0.216 3061.050 504.140
13 217,240 34,970 1.211 0.401 2946.170 505.600
13.5 174,870 29,270 1.472 0.662 2697.510 479.850
14 131,780 22,690 1.852 1.042 2301.340 419.770
14.5 89,770 15,760 2.308 1.498 1767.060 327.590
15 53,400 9,510 2.786 1.976 1180.100 221.260
15.5 26,900 4,810 3.322 2.512 664.770 124.740
16 10,910 1,950 3.870 3.060 300.560 56.030
16.5 3,380 0,590 4.440 3.630 103.420 18.940
17+ 0,740 0,190 3.810 3.000 25.050 7.090
ied (expressed in millions), total mortality (Z) as the
added value of fishing and natural mortality, fishing
mortality and initial and averaged weight per length
classes (in tons).
Table 10 summarizes global results for each area:
averaged F, total biomass and percentage of actual
biomass with respect to a hypothetical virgin state,
turnover percentage as the production per unit of bio-
mass, and percentage of total recruitment with respect
to total biomass. Mean ages and lengths appear in
contrast to the stock’s current critical values.
Figures 2,3,4,5,6 and 7 depict the Y/R curves for
each sample, stating the respective exploitation rate
by fishing area. 
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TABLE 5. – VPA results for Barcelona 1992-1993
Numbers Mortalities Weights (kg)
Length (cm) Initial Mean Z F   Initial Mean
5.5 896,280 76,475 0.86 0.05 645.747 64.222
6 830,594 72,835 0.98 0.17 805.279 81.245
6.5 758,993 68,522 1.09 0.28 966.956 99.341
7 684,647 63,803 1.15 0.34 1123.189 118.002
7.5 611,276 58,774 1.25 0.44 1268.998 136.430
8 538,098 53,254 1.40 0.59 1392.266 152.947
8.5 463,311 46,962 1.67 0.86 1474.247 164.770
9 384,874 40,054 1.90 1.09 1488.389 169.788
9.5 308,816 33,577 1.84 1.03 1436.208 170.341
10 247,120 28,557 1.53 0.72 1369.102 171.912
10.5 203,466 24,985 1.28 0.47 1331.432 177.016
11 171,448 22,195 1.21 0.40 1314.910 183.641
11.5 144,666 19,640 1.25 0.44 1291.222 188.470
12 120,217 16,906 1.48 0.67 1240.698 186.930
12.5 95,259 13,774 1.81 1.00 1130.057 174.452
13 70,303 10,493 2.10 1.29 953.420 151.436
13.5 48,261 7,368 2.50 1.69 744.454 120.540
14 29,879 4,642 2.93 2.12 521.791 85.697
14.5 16,272 2,577 3.33 2.52 320.315 53.446
15 7,688 1,231 3.79 2.98 169.890 28.569
15.5 3,028 0,493 4.15 3.34 74.835 12.766
16 0,982 0,157 4.81 4.00 27.046 4.496
16.5 0,229 0,041 4.24 3.43 6.998 1.316
17+ 0,054 0,014 3.81 3.00 1.815 0.514
TABLE 6. – VPA results for Port de la Selva 1992-1993
Numbers Mortalities Weight (kg)
Length (cm) Initial Mean Z F Initial Mean
6.5 275,090 25,160 0.81 0.00 350.460 36.490
7 254,700 24,130 0.81 0.00 417.850 44.650
7.5 235,080 23,090 0.82 0.01 488.010 53.640
8 216,150 22,050 0.83 0.02 559.250 63.390
8.5 197,930 21,000 0.83 0.02 629.820 73.790
9 180,500 19,940 0.84 0.03 698.030 84.710
9.5 163,800 18,860 0.87 0.06 761.790 95.840
10 147,460 17,710 0.91 0.10 816.950 106.740
10.5 131,440 16,540 0.91 0.10 860.090 117.270
11 116,460 15,420 0.87 0.06 893.210 127.700
11.5 102,980 14,390 0.84 0.03 919.110 138.220
12 90,840 13,420 0.83 0.02 937.540 148.560
12.5 79,680 12,450 0.85 0.04 945.230 158.000
13 69,110 11,430 0.90 0.09 937.230 165.280
13.5 58,780 10,240 1.04 0.23 906.660 167.990
14 48,130 8,750 1.30 0.49 840.520 162.020
14.5 36,760 6,880 1.70 0.89 723.640 143.120
15 25,080 4,790 2.15 1.34 554.280 111.660
15.5 14,770 2,910 2.50 1.69 365.110 75.690
16 7,500 1,570 2.63 1.82 206.640 45.200
16.5 3,380 0,770 2.54 1.73 103.370 24.730
17+ 1,420 0,560 2.51 1.70 47.990 21.190
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TABLE 7. – VPA results for Sète 1992-1993
Numbers Mortalities Weights (kg)
Length (cm) Initial Mean Z F Initial Mean
8.5 883,225 93,803 0.81 0.00 2810.405 329.623
9 807,238 89,333 0.81 0.00 3121.762 379.414
9.5 734,818 84,871 0.81 0.00 3417.418 431.345
10 665,755 80,375 0.82 0.01 3688.429 484.459
10.5 599,619 75,793 0.84 0.03 3923.763 537.399
11 536,098 71,093 0.86 0.05 4111.572 588.600
11.5 475,260 66,258 0.88 0.07 4241.953 636.244
12 417,074 61,244 0.91 0.10 4304.426 677.869
12.5 361,332 55,943 0.96 0.15 4286.482 709.644
13 307,408 50,099 1.07 0.26 4168.967 724.440
13.5 253,790 43,301 1.26 0.45 3914.837 710.172
14 199,073 35,399 1.52 0.71 3476.505 655.410
14.5 145,248 26,854 1.81 1.00 2859.168 558.854
15 96,678 18,429 2.17 1.36 2136.474 429.286
15.5 56,631 11,111 2.54 1.73 1399.630 288.600
16 28,424 5,872 2.71 1.90 782.858 169.532
16.5 12,512 2,773 2.75 1.94 382.749 88.727
17+ 4,876 1,735 2.81 2.00 165.174 64.604
TABLE 8. – VPA results for Savona 1992-1993
Numbers Mortalities Weights (kg)
Length (cm) Initial Mean Z F   Initial Mean
9    231,017  25,566  0.81  0.00  893.394 108.584
9.5   210,302  24,293  0.81  0.00  978.051  123.469
10   190,597  23,025  0.81  0.00  1055.952  138.786
10.5   171,886  21,754  0.82  0.01  1124.782  154.247
11   154,067  20,408  0.87  0.06  1181.606  168.955
11.5   136,262  18,761  1.05  0.24  1216.211  180.097
12   116,558  16,496  1.39  0.58  1202.935  182.421
12.5   93,585  13,624  1.73  0.92  1110.196  172.577
13   70,057  10,767  1.75  0.94  950.089  155.495
13.5   51,176  8,491  1.57  0.76  789.418  139.167
14   37,856  6,754  1.49  0.68  661.101  125.051
14.5   27,812  5,306  1.51  0.70  547.467  110.483
15   19,790  4,046  1.56  0.75  437.340  94.371
15.5   13,487  2,970  1.60  0.79  333.327  77.321
16   8,733  2,056  1.74  0.93  240.526  59.520
16.5   5,160  1,293  1.93  1.12  157.868  41.469
17+ 2,668  1,155  2.31  1.50  90.380  43.656
FIG. 2. – Yield per Recruit analysis for Barcelona 1992-1993. FIG. 3. – Yield per Recruit analysis for Castelló 1992-1993.
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TABLE 9. – VPA results for Sestri Levanti 1992-1993
Numbers Mortalities Weights
Length (cm) Initial Mean Z F   Initial Mean
9 48,439 5,359 0.82 0.01 187.325 22.762
9.5 44,074 5,086 0.83 0.02 204.974 25.846
10 39,854 4,804 0.85 0.04 220.803 28.953
10.5 35,776 4,496 0.93 0.12 234.112 31.871
11 31,605 4,098 1.18 0.37 242.389 33.909
11.5 26,757 3,551 1.56 0.75 238.817 34.053
12 21,208 2,901 1.85 1.04 218.882 32.050
12.5 15,854 2,282 1.87 1.06 188.075 28.902
13 11,591 1,788 1.71 0.90 157.195 25.828
13.5 8,536 1,417 1.57 0.76 131.674 23.218
14 6,317 1,139 1.38 0.57 110.323 21.090
14.5 4,744 0,924 1.31 0.50 93.377 19.256
15 3,530 0,721 1.57 0.76 78.006 16.807
15.5 2,398 0,507 1.92 1.11 59.267 13.193
16 1,422 0,308 2.36 1.55 39.169 8.898
16.5 0,697 0,154 2.76 1.95 21.325 4.939
17+ 0,271 0,096 2.81 2.00 9.182 3.591
FIG. 4. – Yield per Recruit analysis for Port de la Selva 1992-1993. FIG. 6. – Yield per Recruit analysis for Sestri Levante 1992-1993.
FIG. 5. – Yield per Recruit analysis for Sète 1992-1993. FIG. 7. – Yield per Recruit analysis for Savona 1992-1993
DISCUSSION
The fishing mortality rate is greater than the nat-
ural mortality rate (0.81 year-1 ), at 13.5 cm average
length across all areas, ranging from 12.0 in Sestri-
Levante to 14.5 cm in Sète. 
Some significant features can be drawn from
table 7. Estimates of mean biomass show a maxi-
mum absolute value for the French region around
Sète’s fishing grounds in the Gulf of Lions. Mean-
while, Sestri Levanti, in the Ligurian Sea, registers
the minimum biomass in comparison with the other
areas. These results are consistent with acoustic esti-
mates in the sense that anchovy in the Ligurian Sea
have a lower density than in the western area.
Barcelona appears to be the area with the worst
exploitation pattern: it has the highest overall fishing
mortality, the worst selectivity, the fastest turnover,
and the most depleted stock regarding the hypothet-
ical virgin biomass. Only the index %R, that is, the
relative biomass reached by a cohort at its critical
age, is the highest (maximum) among all areas. All
other areas are fairly comparable. Note that Port de
la Selva has the best exploitation pattern in compar-
ison with the others.
Yield per Recruit analysis reveals an average
subexploitation pattern for most of the studied
areas with maximum sustainable yields (MSY)
above the current fishing effort (Φ = 1). The Y/R
curves show that no overexploitation can occur as
a result of increasing effort, this means that the
selectivity pattern is good enough to avoid growth
overfishing. Nevertheless, since first maturity is
reached around 12 cm total length, many individ-
uals are being caught without a chance of spawn-
ing at least once. In consequence, even if the
exploitation pattern appears to be adequate con-
sidering the growth, from the reproductive point of
view, the mean length of current catches would not
prevent a possible recruitment failure due to a sig-
nificant decrease in spawning biomass. Sample
length frequencies start at small lengths, therefore
leaving little chances of spawning to a wide and
significant range of sizes (e.g in Sète, 10% of total
length frequency appear smaller than 12 cm; the
equivalent figures in Barcelona and Sestri Levanti
are 77% and 49% respectively). A policy for a size
increase of anchovy catches would decrease yields
but would also ensure a larger spawing biomass
and bigger individual size with more commercial
interest. Since the recruitment, and hence the
catches of the smaller individuals, occur in autumn
and winter, such a policy would be based on clos-
ing such seasons rather than on increasing mesh
sizes. Unfortunately, this possible strategy would
not be enough to ensure good recruitment, as
spawning biomass-recruitment relationship are not
certain to exist. A hypothetical situation in which
the stock appears on the decreasing right limb of a
Ricker’s type stock-recruitment relationship could
even diminish recruitment as stock increases.
There is also a possibility in which stock and
recruitment are independent events, leaving
recruitment success or failure to be driven by envi-
ronmental factors rather than levels of adult bio-
mass. 
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TABLE 10. – LCA Results for 1992-1993 season. F: fishing mortality weighted by number of individuals; B: Mean annual biomass in tonnes;
%VB: biomass expressed as percentage of estimated virgin biomass; %T: turnover rate  expressed as percentage of production per biomass; 
%R: percentage of recruitment with respect to mean annual biomass. Ages are expressed in years and Lengths in cm.
F B %VB %T %R
Castelló 0.334 4,748 48 137 65
Barcelona 0.533 2,698 26 165 55
Port Selva 0.132 2,166 60 116 44
Sète 0.200 8,464 56 123 51
Savona 0.307 2,076 49 131 59
Sestri Levanti 0.412 375 42 142 64
Mean Age Mean Length Critical Age Critical Length
Castelló 1.46 12.18 1.36 12.0
Barcelona 0.50 8.42 0.57 9.0
Port Selva 0.94 10.16 1.52 12.5
Sète 1.24 11.37 1.36 12.0
Savona 1.29 11.54 1.21 11.5
Sestri Levanti 1.23 11.36 1.07 11.0
Biomass comparison among areas should be
carefully regarded as they refer to different periods
of time. Acoustic surveys and DEPM were per-
formed together during July 1993 and magnitudes
resulting from LCA correspond to the area of each
port’s fleet influence and also refers to the average
biomass during the season July 1992 to June 1993.
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